ELECTIVE dorsal rhizotomy is a surgical procedure designed to reduce spasticity and improve motor function in children with spastic CP. In the last two decades, this procedure has become accepted as a standard neurosurgical procedure for the treatment of spasticity associated with CP and is currently performed at many centers around the world.
tion. 5, 11, 22, 23 Furthermore, the risk of spinal deformities developing in patients may be increased after they undergo laminectomies or laminoplasties such as those performed in conjunction with SDR, although this may be less of a problem in the lumbar or lumbosacral area than higher in the spinal column. 6, 25, 36 The effects of the decreased spasticity that typically occur after SDR, with alterations in the balance of muscle tone in the trunk and hips, may also influence the development of spinal deformities.
The issue of spinal deformities after SDR was first examined by Peter, et al., 18 who noted scoliosis in 16%, kyphosis in 5%, and lordosis in 7% of children. This group believed that the incidence of these spinal deformities was no greater after SDR than might have been expected in a population of children with spastic CP who did not undergo laminectomy. 18 In a more recent report, Turi, et al., 35 reported a 32% incidence of new spinal deformity, including scoliosis, hyperlordosis, and hyperkyphosis, suggesting that this may indeed be a significant problem. Additional information on this important potential consequence of SDR is required.
Preoperative and postoperative spine radiographs obtained in all patients were reviewed and the data were entered into a FileMaker Pro database created specifically for this study. On the spine radiographs, angles for thoracolumbar scoliosis, thoracic kyphosis, and lumbar lordosis were measured. Scoliosis was measured using the Cobb technique, from the superior aspect and the inferior aspect of the vertebral bodies of the upper-most and lower-most vertebrae of the scoliotic curve, respectively. Kyphosis was measured from the superior aspect of T-5 to the inferior aspect of T-12 and lordosis from the superior surface of L-1 or L-2 to the inferior surface of L-5 vertebral bodies by using the same Cobb technique of measurement of spinal deformities.
Operative Procedure
Selective dorsal rhizotomy was performed via multilevel laminectomies or laminoplasties, usually from L-1 to S-1. Partial rhizotomies of bilateral dorsal roots were generally performed from L-2 to S-2. The percentage of the dorsal roots cut at any level varied from 20 to 90, with a trend over the years of cutting smaller percentages of the roots and less of S-2 and L-4. The basis for selection of the dorsal nerve rootlets to be cut evolved over time. Initially, selection was based almost solely on electrophysiological responses to intraoperative electrical stimulation, and later selection was based on both clinical and intraoperative electrophysiological criteria. 29 As reported previously, the electrophysiolgical criteria changed over time. 29 Part of the protocol for children undergoing SDR at BCCH included obtaining preoperative radiographs of the spine; repeated radiographs were performed 1, 2, and 5 years postoperatively and thereafter as indicated clinically. These radiographs included plain anteroposterior and lateral radiographs of the thoracolumbosacral spine. Patients who could stand independently stood upright for the radiographs. Patients who could not stand independently were placed in a sitting position in a special device, with a radiolucent support for the back and straps for additional support as needed. An attempt was made to have the patient stand or sit as straight as possible, with the arms supported at a consistent level, parallel to the floor.
Statistical Analysis
The data were exported from the Filemaker Pro database to Microsoft Excel. Descriptive statistical analysis was performed using Excel. The acceptable (normal) value for scoliosis was less than 10˚, for lumbar lordosis it was between 22.5 and 54˚ (median 40˚), and for thoracolumbar kyphosis it was between 11.5 and 39.5˚ (median 27˚). 20 A clinically important change in the degree of deformity was considered to be 10˚ for scoliosis and 15˚ for kyphosis and lordosis.
Further analysis was performed to correlate both the presence of spinal deformity at last follow up and the change in degree of scoliosis, kyphosis, or lordosis from the preoperative state to last follow up with a number of preoperative variables. This was done to see if it might be possible to predict which patients might experience a worsened spinal deformity after SDR. For scoliosis, kyphosis, and lordosis, the variables included patient age at time of surgery, degree of preoperative scoliosis, kyphosis, and lordosis, preoperative GMFCS, preoperative type of CP (diplegic, quadriplegic), and preoperative ambulatory status. Other variables which were thought a priori to have the potential to impact specific spinal deformities were included in the analyses related to that specific spinal deformity. For scoliosis, the additional variable comprised extent of hip abduction asymmetry (pelvic obliquity); and for kyphosis, preoperative mean Ashworth score for left and right knee flexors, and preoperative mean ROM for left and right knee extension (hamstring contractures). For lordosis there were no additional variables. The presence of a spinal deformity and the extent of the deformity at last follow up were correlated with the following variables present at the time of last follow up: age, degree of the other types of spinal deformity (for example, in analyzing scoliosis, the degree of lordosis and kyphosis would be variables), GMFCS level, and ambulatory status.
Statistical analysis was performed using SPSS 11.0 for Windows. Exploratory analysis was performed on all possible covariates. Continuous covariates were explored using either independent-samples t-tests or the MannWhitney U-test for groups with only two categories. For groups with more than one category, a one-way analysis of variance was performed. Categorical variables were explored using the Fisher exact test. All covariates were then tested for association with the binary response variables by using a stepwise logistic regression. Variable selection was based on a probability value less than 0.05 as well as a likelihood ratio test. Post hoc tests with a Bonferroni correction for multiple testing were used to determine whether categories of certain variables differed from the baseline, and if so, whether or not they differed from each other. For continuous response variables, correlation coefficients were calculated to determine their linear association with the covariates.
Results
There were 193 children younger than 18 years of age who underwent SDR at BCCH from February 1987 to February 2002. Of these 193 patients, 105 underwent a preoperative and at least one postoperative series of spinal radiographs; these patients were designated as the study group. Of the 105 patients in the study group, there were 56 boys (53%) and 49 girls (47%), with a mean age at surgery of 5.2 years (range 2.7-14.6 years) and a mean time to last follow-up radiographs of 4.3 years (range 1-13.6 years). Sixty-two children (59%) had spastic diplegia (including two with spastic triplegia), 34 (32%) had spastic quadriplegia, and nine (9%) quadriplegia and intellectual delay. Seventyseven (73%) were born at less than 35 weeks of gestation. The preoperative functional ambulatory status in the 105 children was as follows: 27 patients (26%) in a wheelchair, 20 (19%) commando crawling, 18 (17%) 4-point crawling, 25 (24%) walking with a walker, two (2%) walking with crutches, and 13 children (12%) walking independently with or without aids, such as ankle foot orthoses.
Laminectomies from L-2 to L-5 with no bone replacement were performed in one child early in the program. The remaining 104 children underwent laminoplasties with replacement of the laminae, from L-1 to S-1 in 90, from L-2 to S-1 in one, from L-1 to L-5 in eight, and from T-12 to S-1 in five children. The laminar flap was removed completely for exposure in two patients, and in the remainder the laminar flap was reflected superiorly while still attached to the interspinous and supraspinous ligaments at the superior part of the exposure, as described previously. 9 
Degree of Scoliosis
Of the 105 patients in the study group, preoperative radiographs were obtained in 104, which allowed the postoperative and preoperative degree of scoliosis to be compared. Preoperative and postoperative spine radiographs were available for the other child, but the preoperative anteroposterior films were not available for comparison.
The mean time from SDR to the last radiographs was 4.3 years (median 3.5, range 1-13.6 years). The mean patient age at time of last radiographs was 9.4 years (median 9, range 3.7-18.6 years). In this group, the preoperative mean Cobb angle for scoliosis was 6.6˚ with an SD of 6.2˚. Postoperatively, the mean value was 12.5˚ (SD 15˚). At the time of last follow up, 57 patients (54.8%) had scoliosis greater than or equal to 10˚, and of these, six (5.8%) had a more significant scoliosis greater than or equal to 35˚. Univariate analysis was performed to examine the correlation between the presence of mild scoliosis (10˚ to Ͻ 35˚) or more severe scoliosis (Ն 35˚) and the following variables that would have been known at the time of surgery: age at time of surgery, amount of preoperative scoliosis, amount of preoperative kyphosis, extent of hip abduction asymmetry, preoperative GMFCS, preoperative type of CP (diplegic, quadriplegic), and preoperative ambulatory status (Tables 1  and 2 ). The only preoperative variables that correlated with the presence of scoliosis at last follow up were the type of CP and the patient's ambulatory status. Patients with quadriplegia had a higher incidence of scoliosis. Children who walked and those who moved by commando crawling had a lower incidence of suffering from scoliosis after SDR.
The mean worsening of scoliosis of 5.9˚ was statistically significant (p = 0.0001); however, such a small change is considered clinically insignificant. Within the group, five patients (4.8%) showed clinically significant improvement in scoliosis of 10˚ or more (median 15˚, range 10-21˚) and 26 (25%) had clinically significant worsening of 10˚ or more (median 14˚, range 10-48˚, with 1 outlier at 104˚).
Univariate analysis was performed to examine the correlation between worsening of scoliosis after SDR of 10˚ or more and the preoperative variables noted previously (Tables 3 and 4). The only variable that approached statistical significance was the preoperative extent of kyphosis. On multivariate analysis, there was an increased likelihood of worsened scoliosis after SDR with a younger age at time of surgery (estimated OR 1.346, 95% CI 1.06-1.7), and in children who were walking or getting around by commando crawling at the time of surgery (estimated OR 3.42, 95% CI 1.12-10.45).
There was no significant correlation between either the presence of scoliosis of greater than or equal to 10˚ or the extent of scoliosis and the following variables present at the time of last follow up: age, degree of asymmetry of the range of hip abduction, degree of kyphosis, degree of lordosis, level of ambulation, or GMFCS level. The factors that correlated best with the severity of scoliosis were the degree of lordosis (r = 0.63), and to a lesser extent, the age at time of last follow up (r = 0.43).
Degree of Kyphosis
Of the 105 patients in the study group radiographs were available in 44 that allowed the postoperative and preoperative degree of kyphosis to be compared ( Fig. 1 ). In the remaining children, one or more of the lateral radiographs did not reveal anatomy above T-5, and thus it was not possible to assess the extent of kyphosis from the superior aspect of T-5 to the inferior aspect of T-12. The mean time from SDR to the last radiographs in this group was 3.6 years (median 2, range 1-12.6 years). The mean age at time of last radiographs was 8.4 years (median 6.9, range 4-16.8 years). In this group, the preoperative mean Cobb angle for kyphosis was 34.8˚ (SD 13.3˚). Postoperatively, the mean value was 38.2˚ (SD 13˚), with 18 patients (40.9%) having an abnormal degree of kyphosis of greater than 39.5˚. The patients with and without an abnormal degree of kyphosis at last follow up were compared with respect to a number of variables that would have been known at the time of surgery: age at time of surgery, amount of preoperative kyphosis, amount of preoperative scoliosis, preoperative mean Ashworth score for left and right knee flexors, preoperative mean ROM for left and right knee extension, preoperative GMFCS, preoperative type of CP (diplegic, quadriplegic), and preoperative ambulatory status (Tables 5 and 6 ). On the univariate analysis, the only significant variable was the amount of preoperative scoliosis, which correlated negatively with the presence of abnormal kyphosis at last follow up. This was borne out in the multivariate analysis, with the amount of preoperative scoliosis having an estimated OR of 0.88 (95% CI 0.78-0.99) for abnormal kyphosis at follow up.
The mean worsening of kyphosis of 3.4˚ was not statistically or clinically significant (p = 0.29). Within the group, four patients (9.1%) showed clinically significant improvement in kyphosis of 15˚ or more (range 15-38˚) and 14 (31.8%) had clinically significant worsening of 15˚ or more (range 15-34˚). Univariate analysis was performed to examine the correlation between worsening of kyphosis after SDR of 15˚ or more and the variables noted earlier (Tables  7 and 8 ). The only variable that was statistically significant was the preoperative extent of kyphosis, with decreased kyphosis being associated with worsening of kyphosis after SDR. On multivariate analysis, the only factor that was predictive of increased kyphosis postoperatively was the extent of preoperative kyphosis, with a negative correlation between the extent of preoperative kyphosis and the likeli- hood of worsened kyphosis after SDR. The estimated OR was 0.887 (95% CI 0.81-0.97).
There was no correlation between either the presence of a kyphosis of greater than or equal to 39.5˚ or the extent of kyphosis and the following variables present at the time of last follow up: age, degree of scoliosis, degree of lordosis, average of left and right knee flexor Ashworth score, average of left and right knee extension ROM, GMFCS level, and ambulatory status.
Degree of Lordosis
Of the 105 patients in the study group radiographs were available in 47, which allowed the postoperative and preoperative degree of lordosis to be compared (Fig. 2) . In the remaining children, one or more of the lateral radiographs were obtained below L-5, so that it was not possible to assess the extent of lumbar lordosis from the superior aspect of L-1 or L-2 to the inferior aspect of L-5. The mean time from SDR to the last radiographs was 4.2 years (median 3.5, range 1-12.6 years). The mean age at time of the last radiographs was 9.3 years (median 9.6, range 4-18.6 years). In this group, the preoperative mean Cobb angle for lordosis was 30.8˚ (SD 13.5˚). Postoperatively, the mean value was 41.2˚ (SD 15.2˚), with 10 patients (21.3%) having abnormal lordosis of greater than 54˚. The patients with and without an abnormal degree of lordosis at last follow up were compared with respect to a number of variables present at the time of surgery: age at time of surgery, amount of preoperative lordosis, amount of preoperative kyphosis, amount of preoperative scoliosis, preoperative GMFCS, preoperative type of CP (diplegic, quadriplegic), and preoperative ambulatory status (Tables  9 and 10 ). On the univariate analysis, the only significant variable was the type of CP. The children with quadriplegia and intellectual delay had the highest incidence of abnormal lordosis at last follow up. This was borne out in the multivariate analysis, with quadriplegia and intellectual delay having an OR of 15.43 (95% CI 1.4-170.5) for abnormal lordosis at last follow up.
The mean worsening of lordosis of 10.4˚ was statistically significant (p = 0.003); however, such a small change is considered to be clinically insignificant. Within the group, two patients showed clinically significant improvement in lordosis of 15˚ or more (15 and 21˚) and 17 had clinically significant worsening of 15˚ or more (range 17-62˚). Univariate analysis was performed to examine the correlation between worsening of lordosis after SDR of 15˚ or more and the variables noted earlier (Tables 11 and 12 ). There were two preoperative variables that had a statistically significant correlation with the incidence of worsening of lor- dosis, namely the extent of lordosis and the GMFCS level. A lesser degree of preoperative lordosis and a GMFCS level of 5 were associated with a higher incidence of worsening of lordosis after SDR. On multivariate analysis, the only factor that was predictive of increased lordosis postoperatively was the extent of preoperative lordosis, with a negative correlation between the extent of preoperative lordosis and the likelihood of worsened lordosis after SDR (estimated OR 0.94, 95% CI 0.88-0.99).
The presence of abnormal lordosis of greater than or equal to 54˚ and the extent of lordosis at last follow up were correlated with the following variables present at the time of last follow up: age, degree of scoliosis, degree of kyphosis, GMFCS level, and ambulatory status. The presence of an abnormal degree of lordosis correlated well with the extent of scoliosis at follow up (r = 0.928), and there was a lesser correlation with the extent of kyphosis (r = Ϫ0.673). There was no significant correlation between any of the variables and the extent of lordosis at last follow up.
Correction of Spinal Deformity
Of the 105 patients in the study, two have undergone spinal fusion to correct scoliosis in one and lordoscoliosis in the other. One other child with quadriplegia and severe intellectual delay had been considered for surgical correction of a severe lordoscoliosis, but no surgery has been performed because the risks were considered too high compared with the potential benefit.
Discussion
Lumbosacral SDR is an established procedure that may benefit some children with spastic CP. Selective dorsal rhizotomy has been shown to decrease lower-limb spasticity, increase the ROM in the lower limbs, and improve motor function in children with spastic CP. 3, 13, 17, 28, [30] [31] [32] Reports, which specifically address the complications after SDR, are infrequent, 1, 4, 33 and the impact of SDR on the spine, which is the subject of this study, has not been well documented in the literature.
Assessment of the relationship of SDR to spinal deformity is complex because there are multiple interacting factors that may influence the development of spinal deformities: the effects of the spastic CP per se, the effects of the laminectomies or laminoplastic procedures performed as part of the SDR, and the effects of the reduction of spasticity by the SDR.
Natural History of Spinal Deformities in CP
Children with spastic CP are at higher risk of spinal deformity, particularly scoliosis, than the normal population. Scoliotic curves of greater than 10˚ were noted in 21 to 64% 5, 11, 22, 23 and of greater than 30˚ in 6 to 14% 5, 8 of patients with CP.
Information about the natural history of scoliosis and other spinal deformities in children with CP is limited. Saito, et al., 24 in their series of 37 patients with a mean follow up of 17.3 years, reported that the scoliosis had started before the age of 10 years and had rapidly progressed during the growth period. The mean magnitude of curves at final examination was 55˚. In patients with a spinal curve of more than 40˚ before the age of 15 years, scoliosis progressed to more than 60˚ in 85% of patients, whereas in patients with an initial curve less than 40˚ at age 15 years, the scoliosis progressed to more than 60˚ only in 13% of patients. Severe scoliosis of more than 60˚ was associated with total body involvement (67%), bedridden patients (100%), and thoracolumbar curves (57%). 24 Unlike the situation in idiopathic scoliosis, in patients with CP progression of scoliosis may continue even after skeletal maturation; this has been documented in adults. 12, 34 Information about sagittal deformities in the CP popu- lation is very limited. Sagittal deformities are said to occur "frequently" in association with scoliosis. 26 In one publication, sagittal deformities, most often kyphosis, were said to be present in approximately 7% of patients with CP who had scoliosis (Shook, et al., unpublished data). A single case of isolated thoracolumbar hyperlordosis in the absence of scoliosis has been described. 27 There are reports about the difficulty in managing kyphotic and hyperlordotic abnormalities in children with spastic CP, 26 but the incidence or natural history has not been described.
Effect of Laminectomy
In SDR procedures, laminectomies or laminoplasties are performed from two to as many as six levels, involving part or all of the lumbar spinal levels. Concern about the effects of laminectomies in children on spinal stability was first noted in a study by Yasuoka, et al., 36 who reported a significant risk of kyphosis or kyphoscoliosis developing in children without CP after multilevel laminectomy. The younger the patient and the more cephalad the laminectomy the more likely a spinal deformity was to occur. In that report, in no children with lumbar laminectomy did spinal instability develop, but there were only six patients with lumbar laminectomies in their series. 36 Since then there have been two reports of spinal deformities developing after thoracolumbar laminectomies in children and adults. 16, 37 In one study of 36 children and young adults with multilevel thoracolumbar laminectomies for benign intraspinal tumors, six patients (16.6%) suffered from lordosis or thoracolumbar kyphosis associated with scoliosis and in four (11%) spondylolisthesis developed. 16 Spinal deformity occurred in four (33%) of 12 children younger than 17 years of age at the time of surgery and in 8% of adults. Facetectomy and more than two levels of the laminectomies correlated with an increased incidence of spinal deformity. 16 In the other study of children with intramedullary spinal cord tumors, Yeh, et al., 37 noted worsened spinal alignment in nine (60%) of 15 patients after thoracolumbar surgery.
Laminoplastic techniques, with replacement of the posterior spinal elements, have been developed in an attempt to prevent these complications. 2, 9, 21 In the study of Yeh, et al., 37 there was a significantly lower incidence of spinal deformity after laminoplastic procedures than after laminectomies but the problem was still present. In the current series, 104 of 105 patients underwent laminoplastic procedures, and thus it was not possible to compare laminectomies with laminoplasties. During the assessment of the radiographs in this study, the extent of fusion of the replaced laminar flap was not evaluated systematically. It is therefore not possible to say if there was any relationship between the extent of fusion of the laminar flap and the later development of spinal deformities. The patterns of fusion of the replaced laminar flap in these patients may be the subject of a future study.
Spinal Deformities After SDR
The issue of spinal deformities after SDR was first examined by Peter, et al., 18 who noted scoliosis of greater than 10˚ in 16%, kyphosis of greater than 40˚ in 5%, lordosis of greater than 50˚ in 7%, and spondylolysis and/or spondylolisthesis in 9% of children, all of whom had undergone five-level laminectomies without replacement of the bone. Scoliosis was mild in most cases, but in some patients curves as high as 60˚ were encountered. In this study, no preoperative radiographs had been obtained, so it was not possible to compare the postoperative radiographs with the preoperative findings. Peter, et al., believed that the incidence of kyphosis, scoliosis, and lordosis was no greater after rhizotomy than might have been expected in a population of children with spastic CP without laminectomies. In a more recent report of 47 patients, 30 of whom were non- ambulatory, Turi, et al., 35 found a 32% incidence of new spinal deformity, including scoliosis, hyperlordosis, and hyperkyphosis, at 5 years after multilevel laminectomies for SDR. Including five patients with preexisting spinal deformities, the incidence of lumbar or thoracolumbar scoliosis was 32%, thoracic kyphosis 11%, and lumbar hyperlordosis 15%. In three patients, surgical intervention was required: for painful instability in one, symptomatic kyphosis in one, and symptomatic lordoscoliosis in one.
These findings suggested that spinal deformity after SDR may indeed be a significant problem. Turi, et al., 35 speculated that the higher incidence of spinal deformity in their series compared with that of Peter, et al., 18 might be related to the increased severity of CP in their patients compared with those of Peter, et al. Contrary to what one would expect if Turi and colleagues' speculation was correct, the highest incidence of spinal deformity after SDR has been reported by Piatt, et al., 19 in a series of ambulatory spastic diplegic patients. They identified new spinal deformities in 20 (59%) of 34 ambulatory spastic diplegic patients at 5 to 11.6 years after SDR. New scoliosis deformities occurred in 24%, and hyperlordosis greater than 60˚ developed in 17 patients (50%). There was no difference in the incidence of spinal deformities whether or not a laminoplastic technique was used. Despite the high incidence of spinal deformities, no patient in their series required surgical stabilization.
There have been two other small case series of symptomatic spinal deformity treated surgically after SDR. Crawford, et al., 10 reported two cases of symptomatic hyperlordosis requiring surgical intervention at 2 and 5 years, respectively, after SDR. Mooney, et al., 14 reported on five patients in whom progressive lordoscoliosis or hyperlordosis developed after SDR and required surgical correction 8 to 48 months after SDR. All of these patients were wheelchair-bound with quadriplegia with some preexisting clinical lordosis, and three had preexisting scoliosis. Both Crawford, et al., and Mooney, et al., suggested that the hyperlordosis was caused by a combination of residual hip flexor spasticity after SDR, often associated with hip flexor contractures and structural destabilization by the laminectomies in children who spent much of the day sitting in a wheelchair.
In the current study at a median follow up of 3.5 years after SDR, 57 (54.8%) of 104 patients studied pre-and postoperatively had scoliosis of greater than or equal to 10˚, and of these, six (5.8%) had a more significant scoliosis equal to or greater than 35˚. The incidence of scoliosis in this series is higher than that found by Peter, et al., 18 and by Turi, et al., 35 but is within the range of incidence of scoliosis in patients with spastic CP without SDR. 5, 8, 11, 22, 23 Of the 104 patients, five (4.8%) had a clinically significant improvement in scoliosis by more than 10˚ and 26 (25%) worsened by more than 10˚, with the majority (68.2%) being stable. The percentage with worse scoliosis is similar to the findings of both Turi and Piatt and their colleagues.
The data were analyzed to determine if there were any variables present at the time of SDR that might predict a higher probability of later development of scoliosis or worsening of scoliosis by more than 10˚. On univariate analysis, patients with quadriplegia, especially those who were also intellectually delayed, had a higher incidence of scoliosis, as might be expected in a nonsurgically treated population of children with spastic CP. 24 On multivariate analysis, children who walked and those who moved by commando crawling preoperatively had a lower incidence of suffering from scoliosis after SDR and of a worsening degree of scoliosis by more than 10˚. The explanation for this finding is not understood. When one recognizes the high incidence of scoliosis in the population with spastic CP it is difficult to implicate SDR in the causation of scoliosis in this series, and indeed in a small percentage of patients the degree of scoliosis actually improved after surgery. It was noted that there was a trend in this series toward more scoliosis as the follow-up period was longer. In the two patients in whom surgery was performed for correction of scoliosis, the surgery was performed at 9 and 13 years, respectively, after SDR (in one of them after the time of this study). This does lead to the concern that with time one might see more patients with severe enough scoliosis to warrant surgical correction.
In this study, change in the amount of thoracic kyphosis after SDR could be assessed in 44 patients at a mean postoperative time of 3.6 years. Of these 44 patients, 17 (38.6%) had kyphosis equal to or greater than 39.5˚ at follow up, a significantly higher rate than that reported by Peter, et al., 18 or Turi, et al. 35 Of the 44 patients, four (9.1%) had improvement in kyphosis by more than 15˚ and 14 (31.8%) worsened by more than 15˚. The percentage with worse kyphosis is higher than in the only prior report. 35 The only preoperative variable that correlated with the occurrence of a significant kyphosis at follow up was the presence of scoliosis, and the correlation was negative. There also was a negative correlation between the degree of preoperative kyphosis and worsening of kyphosis post-SDR. This could be explained in part by the fact that kyphosis might have been worst in children with tight hamstrings, and loosening of the hamstrings by the SDR could improve the kyphosis. This was not borne out on analysis, however, because neither the extent of preoperative spasticity in the knee flexors nor the preoperative ROM of hip extension correlated with worsening or improvement of kyphosis. Another explanation relates to the way in which the radiography is performed. Children who are unable to stand are seated in a special device, and it is difficult to standardize how much the child will lean forward into a kyphotic posture. Hence, it may simply be that those who had the most kyphosis preoperatively would have a higher chance of sitting straighter during a follow-up radiograph and vice versa.
With respect to lumbar lordosis, changes from pre-to post-SDR were assessable in 47 patients. Of these 47 patients, 10 (21.3%) had hyperlordosis greater than or equal to 54˚ at a mean follow up of 4.2 years. This is a slightly higher rate than reported by Peter, et al., 18 or Turi, et al., 35 but lower than reported by Piatt, et al. 19 In this series, hyperlordosis developed particularly in the most severely involved children with quadriplegia and intellectual delay. The ratio of diplegics to quadriplegics could result in different rates of hyperlordosis after SDR in different series. Of the 47 patients, two (4.3%) had improvement in lordosis by more than 15˚ and 17 (36.2%) worsened by more than 15˚. The percentage with worsening lordosis is higher than that reported previously. It was our expectation that patients with higher degrees of lumbar lordosis would be more likely to worsen after SDR, but in fact there was a negative correlation between the extent of preoperative lordosis and the probability of worsening. There was no sound physiological explanation found for this. As in the case of the thoracic kyphosis, this may be somewhat artifactual and may in part reflect a lack of standardization in the way the radiography was performed. Worsening lordosis also tended to occur in the most severely affected children with a GMFCS level of 5.
It has been suggested in the literature that sagittal deformities, particularly kyphosis, occur commonly in association with scoliosis in patients with CP. 26 In this series there was a strong correlation between the occurrence of hyperlordosis and scoliosis, so that patients tended to have lordoscoliosis, but there was no correlation between abnormal kyphosis and scoliosis. When these complex deformities are severe enough to warrant surgical correction, the presence of prior multilevel lumbar laminectomies made the procedures challenging. Laminoplasties were performed in almost all of the children in this series, but it was noted in some cases that the replaced laminae had resorbed either completely or partially, particularly below the level of L-3. These residual laminar defects create a potential problem when surgical correction of a lordoscoliosis is required.
Clinical Significance of Deformities
In general, the spinal deformities that were identified in the patients in this study were asymptomatic and did not require surgical correction; however, two patients in this series did undergo surgical correction of a spinal deformity. One other patient had a very severe deformity, which per se warranted surgical correction but surgery was not performed because in this child the benefit of correction was not thought to outweigh the significant risks. In the overall series of 193 children with SDR from February 1987 to February 2002 we are aware of one other child, not included in the 105 children in the study group, who underwent surgery for a lordoscoliosis correction; thus, 2.1% of children after SDR had a spinal deformity severe enough to warrant surgical correction (three of 193 who underwent surgery for spinal deformity correction and one who was also considered severe enough for surgery but surgery was declined). The mean follow-up time was 4.3 years and mean patient age at follow up was 9.4 years. It is probable that as these children age and go through pubertal development the incidence of spinal deformity requiring surgical consideration will increase. One of the alternatives to SDR, particularly in the population with spastic quadriplegia, is the use of continuous intrathecal baclofen therapy. A literature search revealed no information about the incidence of spinal deformity in patients undergoing baclofen therapy. Our personal experience with baclofen therapy is relatively small and does not allow meaningful comment about spinal deformity in this population.
Conclusions
In this series of patients, there was a small incidence of improvement in thoracolumbar scoliosis, thoracic kyphosis, and/or lumbar lordosis after SDR, which perhaps reflects the effect of improved spasticity. More commonly there was worsening of these spinal deformities. Although such abnormalities occur in the spastic CP population, even in the absence of SDR, the incidence of worsening suggests that the SDR in some way was of causative significance. The patients generally underwent L1-S1 laminoplasties, with replacement of the laminae, and the results indicate that this technique does not protect completely against the development of spinal deformities in this population. Whether or not similar deformities occur after SDR performed at the level of the conus medullaris via two-level laminectomies is not known. The development of significant hyperlordosis or scoliosis and worsening of these deformities after SDR tended to occur most often in severely affected patients with quadriplegia, and it was only in this population that the deformities were severe enough to warrant surgical correction. Such severely affected patients with spastic quadriplegia are now rarely considered for SDR, and in general are more likely to be recommended for other interventions, including intrathecal baclofen therapy. The potential for development of spinal deformities in this spastic quadriplegic population, even without intervention, might be considered another reason for not recommending SDR in such patients.
Although the results of this study should raise awareness and concern about the development of spinal deformities after SDR, in general the problems were not particularly significant clinically; only three of 105 children were considered candidates for surgical intervention to correct such deformities. On the other hand, the follow up of these patients is relatively short, and with time there will probably be further worsening of spinal deformities, as has been shown for patients with spastic CP in the absence of SDR. 12, 24, 34 It remains to be seen whether the final incidence of clinically important spinal deformities requiring surgical correction will be more than what could be expected in these patients even without SDR. 
